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2ABSTRACT
Gas chromatographic methods have been developed for the
simultaneous determination of five groups of volatile
organics in aqueous samples and for the determination of
carboxylic acids in aqueous samples after derivatisation.
Both the volatile organics and carboxylic acids under study
are among the common organic pollutants in the aquatic
environment.
The volatile organics in water samples were purged
using an open-loop system with purified nitrogen, and were
driven to and adsorbed in a charcoal tube, and were then
desorbed with carbon disulphide. The extracts were analysed
by gas chromatography using a wide-bore capillary column
SPB-5 and flame ionisation detector. The effects of several
parameters on the percentage recoveries of the five groups
of compounds, namely, hydrocarbons, halocarbons, aromatics,
ketones and alkyl acetates, were assessed. The recommended
conditions for the simultaneous determination were: 200 ml
of water sample was purged at 70°C for 2 h with nitrogen at
a flow rate of 200 ml/min, the pH of the sample was adjusted
to 7, and sodium sulphate added to decrease the solubilities
of the organics. As shown in Part II of this thesis, the
percentage recoveries were satifactory at the 0.2 ppm level,
where the recoveries for most hydrocarbons, halocarbons and
aromatics were greater than 90% with relative standard
deviations below 10%, while 70-90% were obtained for ketones
and acetates with relative standard deviations in the range
3of 15-20%. The proposed method could be applied down to 0.05
ppm level with decreased recoveries and precisions. At the
0.015 ppm level, the method was not satisfactory for the
determination of ketones and acetates, however, the
percentage recoveries for the others only decreased
slightly.
The SPB-5 column cannot resolve completely the 50
compounds under study, because compounds were found with
very similar retention times.
Part III of this thesis illustrates a derivatisation
scheme which enables carboxylic acids in aqueous samples to
be concentrated by dynamic headspace analysis. The acids
were first converted to potassium carboxylates, freeze-dried
and then allowed to react at 80°C with methyl p-
toluenesulphonate in the presence of a small amount of N,N-
dimethylformamide using dibenzo-18-crown-6 as catalyst. The
methyl esters. formed were purged with nitrogen to the
charcoal tube at a flow rate of 200 ml/min, then desorbed by
carbon disulphide and analysed by gas chromatography using
the same column and detector as described above for the
volatile organics.
Linear calibration graphs with correlation coefficients
in the range of 0.997-0.999 were obtained for C3-C5
carboxylic acids. The results obtained by this method were
4in good agreement with the actual amounts spiked in a
sy«tIL-Letic sample. The percentage errors were 1.2%, 2.9% and
4.7% for propionic, butyric and pentanoic acids,
respectively. Down to 5 jig of carboxylic acids can be
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The analysis of trace organics in aquatic samples is of
paramount importance because of their biological effects.
Until 1983, 2221 organic compounds have been identified in
the aquatic environment, which includes natural water,
potable water and waste water. Among them, 43 are
recognised or suspected carcinogens, 56 are mutagenic and
18 are carcinogenic promotors. Even trace amount of the
pollutants will be a potential threat to health in case of
long exposure (1). Limiting concentration values have thus
been set up by many countries in order to prevent
detrimental physiological effects such as those reported by
the World Health Organisation (WHO), European Economic
Community Directives (EEC) and Russian Ministry of 1ealth
(1). Moreover, some guidelines for the analysis of aquatic
pollutants have been proposed by the U.S. Environmental
Protection Agency (EPA) (2). Thus the analytical methods for
the determination of trace amount of organics have developed
rapidly from the determination of crude chemical oxygen
demand to the determination using gas chromatography/fourier
transform infrared spectroscopy (GC/FTIR) (3) and gas
chromatography/mass spectrometry (GC/MS) (4).
The best available combination of selectivity and
sensitivity makes gas chromatography the most suitable
technique for the trace analysis of organic pollutants. The
technique separates volatile substances which have vapour
3pressures greater than 0.1mm Hg at the operating column
temperature by percolating a gas stream over a stationary
phase as shown in Fig. I-1. The stationary phase may be
either a solid (GSC) or a liquid (GLC). The latter is widely
used owing to the lower operating temperature employed thus
preventing the decomposition of some thermally labile
components (5). Further, lower operating temperatures also
permit the use of more stationary phases which are





Fig. I-1:-Block diagram of a gas chromatograph
The resolving power of a column is.mainly determined by
the type of stationary phase used. McReynold (6) chose five
standard compounds, namely, benzene, butanol, 2-pentanone,
nitropropane and pyridine to study their retention behaviors
on various stationary phases and indicated the polarity of
stationary phases with five McReynold constants. These
constants showed the interaction between the stationary
phase and the five standard compounds having different
4functional groups. Table I-1. lists the McReynold constants
of two columns: SP-1000 and SE-54. The SPB-5 column'which we
used is coated with a stationary phase consisted of bonded
methyl silicone with 5% of phenyl and 1% of vinyl silicone,
and its McReynold constants are expected to be very close to
those of SE-54.,
Table I-1. McReynold constants of SP-1000 and SE-54
McRevnold constantsColumn
XI Y. Z.. 5.
322 555 393 583 546SP-1000
33 72 66 99 67SE-54-
Data taken from reference (7)
Besides the nature of the stationary phases, the
dimension of the column and the amount of stationary phase
also play an important role in the resolution of a mixture.
It is customary.'to describe column performance in terms of
the numbers of theoretical plates (8), which are defined as
series of discrete but contiguous, narrow, horizontal layers
in a chromatographic column and at each plate, equilibration
of solute between the mobile and the stationary phase is
assumed to take place. The effects of the column dimension
and the amount of stationary phase on the column efficiency
are shown in Table 1-2.
5Table 1-2. Column efficiency and sample capacity of gas
chromatographic columns with different dimensions and
different thicknesses of the stationary phase.SE-30*










Data taken from reference (9)
The data in Table 1-2 show that the number of
theoretical plates is larger for the column with smaller
diameter while the length of the columns and the thickness
of the stationary phase are the same, however, the sample
capacity is greatly reduced for the capillary column
analyses. Split injection needs to be employed in order to
prevent the capillary columns from being overloaded, but
splitting of a mixture of droplets and gases is seldom
linear, so that the sample components are not split by the
same ratio, and the quantitative result is hardly reliable
(10). The wide-bore capillary column has the advantages of
higher resolution than the packed ones and greater capacity
than the narrow-bore capillary columns. Split injection is
not necessary and the precision of the results is enhanced.
6In addition to the condition of -the column, other
parameters such as the flow rate of carrier gas, temperature
of the column, etc. need to be chosen carefully in order to
obtain the optimum resolution.
Since different groups of pollutants have, varied
resolution with- different stationary phases, a coarse
separation is necessary prior to gas chromatographic
analysis.- In addition, the sample is concentrated during
sample preparation and the detection limits for the
pollutants may be enhanced. The procedure outlined by the
America's Environmental Protection Agency separates
pollutants into five categories: volatiles, semi-volatiles,
basic, acidic and pesticides, each requiring a specific
extraction technique and column technology (11).
For volatile organics, conventional solvent extraction
has been used with varied success. However, techniques such
as distillation, static and dynamic headspace analysis, gas
purging with closed- or open-loop stripping have recently
become the preferred methods.
The purge-and-trap method (12) orginates from headspace
analysis, which is an indirect method for the determination
of volatile constituents in liquids or solids by analysis
of the vapour phase which is in thermodynamic equilibrium
with the sample to be analysed in a closed system. The
purge-and-trap method itself means to displace the volatile
7constituents from a water sample into the vapour phase by a
stream of inert gas, and,-in order to increase sensitivity,
to trap by condensation or adsorption on such adsorbent
materials as silica gel and activated charcoal through gas
extraction. The gas extraction may be performed by passing
an inert gas either 'over' or 'through' the material under
study. The former process is usually called dynamic
headspace analysis and the latter is the purge-and-trap
method (13). The adsorbed volatile constituents are
extracted from the adsorbent material with a 'suitable
solvent, which is then taken for gas chromatographic
analysis, otherwise, the'trapped components may be thermally
desorbed directly into an analytical column and
chromatographed. It is obvious that the recovery of the
pollutants trapped depends on both the physical properties
of the components and the stripping conditions. The U.S. EPA
has suggested that the efficiency of recovery to depend on
the vapour pressure and water solubility of the compounds
involved. Compounds boiling between 130°C and 150°C with a
water solubility of approximately, two percent may be
concentrated by the purge-and-trap method (4). Savenhed (14)
has proved that recovery increases substantially at elevated
stripping temperatures and prolonged stripping times.-
Further, the kind of inorganic salt added to increase the
ionic strength of the solution, the pore size of the bubbler
and the dead volume of the purging apparatus may be
considered as parameters affecting the efficiency of
8recovery.
Many modifications (12,15,16) of the stripping
equipment of Grob (17,18) have been reported. Open-loop
stripping is used in our laboratory because it can avoid the
reversible adsorption of the pump (16).
The sensitivity of the method also depends on the
choice of a suitable detector. Table 1-3 lists several
common detectors and their characteristics (19a).
Sample concentration may be related to peak height or
peak area. Since peak areas are less dependent than peak
heightson operating conditions, they are certainly the most
widely used at the present. Peak areas may be obtained
using a planimeter or by triangulation or cutting and
weighing paper. Integrators are also used for peak area
measurements. The simple ball disc integrator is perhaps the
most widely employed integrator in gas chromatography (19b).
However, electronic digital integrators have a wide linear
range, a high count rate, sensitive power detection and
higher precision. In the sophisticated units, the retention
times are also recorded and printed out (19c).
The purpose of Part II of this work is to assess the
feasibility of the purge-and-trap method using solvent'
extraction to recover the sorbed material for the
simultaneous determination of trace organics in water. The
optimum conditions of the purge-and-trap method for five
groups of volatile organic compounds commonly found in the
9Table 1-3. Characteristics of several gas chromatographic detectors.
Detectors
Alkali flameElectron captureFlare ionizationThermal conductivityCharacteristics.: P or N compoundsH3 Ni63
Responds to electronResponds to organic Enhanced response toSelectivity Universal
adsorbing compounds,cofiipounds, not for phosphorus or nitrogen
esp, halogens, nitrates compounds.fixed gases or water.
and conjugated carbonyls.
P 4x10-14H3 210-14 for CC149x10-13 for alkanes6x10-10Sensitivity N 7x 10-12.1635::10'14 for CC14
(gn:/sec)
Both 103H3 500107104Linear range
Ni6350
2x10-115i-ii for alkanes H3 10-13 c'm for lindane10-5gm of C114 perMinimum detectable P 2x10_12 gm parathion
ml of detector effluent Ni63 4x10-1 Jn -for lindane N 2x10 gm azobenzenequantity (gn)
Fair FairexcellentStability good
H3 225 Both 300400Temp. limit (°C) 1450 Ni63 350
He, N2He, H2, N2 N2 or Ar+10%CH4 P N2Carrier gas
N He
Data taken from reference 19a.
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aquatic environment were assessed, and the recoveries of
each component at several concentrations were reported.
Details of the method will be discussed in Part II of this
thesis.
Several carboxylic acids are among the microbial
metabolites so that they are of paramount importance both
from a biological point of view and to the organic
geochemists. A rapid analytical procedure has long been
desired by the biological and environmental scientists.
Aqueous injection techniques are plagued by solvent tail
masking of the desired peaks, by ghosting due to stationary
phase decomposition and by generally low sensitivity (20).
Ion chromatography, which is simpler to perform, has a high
detection limit and in practical terms is limited to the
detection of formic and acetic monocarboxylic acids only.
The derivatisation thus become a current topic to enhance
the detectability of gas chromatography. Carboxylic acids
are usually derivatised to their respective methyl esters
using diazomethane (2.1). However, the derivatising.agent is
highly toxic and seriously explosive and thus special
equipments such as the Diazald kit and' efficient fume
cupboard are necessary.
Pederson (22) discovered that crown ethers had a
tremendous ability to complex metal salts, especially those
of potassium. The ability of crown ethers to aid, by
11
solvation of the cation, in the dissolution of the
carboxylic acids into aprotic solvents, coupled with the
unusual reactivity of the carboxylate ion, formed the basis
of a derivatisation reaction scheme to prepare the phenacyl
esters, using 18-crown-6 as a catalyst (23). Quantitative
yields (>97%) of the derivatives were obtained with no by-
products. The reaction may be represented as follows:
and was then freeze-dried to remove water.
(residue)
Most derivatisation schemes, such as the boron
trifluoride method suggested by the Association of Official
Analytical Chemists (24), entail lengthy pre-separation
steps and transfers which invite volatilization losses.
However, the crown ether scheme avoids the volatilization
losses since the concentration step is undergone in alkaline
medium and K+-carboxylates hardly vaporize in the ionic
states. In addition, the phenacyl esters have moderately
high boiling points and the reaction mixture may be purified
on silica gel columns prior to gas chromatographic analysis.
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Kawamura et al. (25) removed the excess reagent with a silica gel
column before injection onto a high resolution capillary
column.
The purpose of Part III of this work was to extend the
purge-and-trap method to the determination of carboxylic
acids which have higher solubilities and boiling points than
the compounds studied in Part II* of this thesis. The
carboxylic acids were first converted to the potassium
carboxylates and then to the esters using the crown ether
scheme similar to that described above. However, methyl p-
toluenesulphonate was used instead of oC,p-
dibromoacetophenone so that methyl esters were formed.














Although the purge-and-trap method orginates from
headspace analysis, the former method has the advantages
over the latter in enriching the volatile constituents by
adsorption -on- an adsorbing material thus increasing the
sensitivity, and in providing multi injections from the same
extract.
Grob (12) has done a great deal of work in this field.
He has carefully examined the problems of the extraction of
organic pollutants from water and designed a closed circuit
stripping system which includes a 1.5 to 5-mg ultra-pure
carbon filter as the adsorbent to collect the volatile
organics. However, the blank peaks caused by the reversible
adsorption of the pump interferes with the analysis, Boren
(14,16) modified the system in 1982, where an open-loop
system was used, and the purging gas was purified by passing
through the same kind of activated carbon adsorbent as was
used for the analytical filter.
After loading the organic vapours, the recoveries of
the pollutants sorbed on the trap may be obtained either by
thermal desorption or-by solvent extraction.
15
Thermal desorption, combined with Tenax GC
concentration is commonly used in the analysis of organic
pollutants nowadays because of its high sensitivity (26,2%)
since all the pollutants trapped are used in one trial only.
In thermal desorption, the trap is situated before the
analytical column of the gas chromatograph and is heated to
an appropriate temperature during the desorption. In case of
a sufficiently long heating, all the compounds sorbed on the
trap can be released and transported by the carrier gas into
the analytical column. The first portion of the
chromatographic column has to be cooled to prevent peak
broadening.
Despite. the high sensitivity offered by the thermal
desorption method, the thermal desorber is very expensive.
The solvent extraction method is attractive to the less
well-equipped laboratories since the apparatus needed is
much simpler and cheaper. It also has the advantage that
multi injections can be made-for each extract so that trials
under several experimental conditions such as different
temperature programming, carrier gas flow rates, etc., may
be proceeded using the same extract.
It was the purpose of the present work to assess the
feasibility of the purge-and-trap method using solvent
extraction to recover the sorbed materials for the
simultaneous determination of trace organics in water.
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The suitable conditions of the purge-and-trap method
for over 50 pollutants were determined. While recoveries for
hydrocarbons and aromatics were obtained-using closed-loop
stripping by Marchand (28) and only aromatics and
halocarbons were concentrated with the purge-and-trap method
by the U.S. EPA (2), the organic compounds under study
included five different groups, namely, ketones, alkyl
acetates, hydrocarbons, aromatics and halocarbons, which are
the volatile pollutants commonly found in the-aquatic
environment.
Flame ionisation detector was used in our study because
it has a wide linear range and high sensitivity for most
organic pollutants and thus quantitative results can be
obtained by comparing the responses of the sample with those
from standard solutions. Moreover, solvent desorption was
employed to release the pollutants from the charcoal. The
solvent used for desorption was carbon disulphide which has
a very low response in the flame ionisation detector and
causes less interferences in the chromatograms.
Charcoal was chosen as the adsorbent since the
extraction from charcoal with carbon disulphide has been
found to be quantitative (18,29). Tenax GC (30) is another
material suitable for sorbing volatile compounds, however,
it is soluble in carbon disulphide, although it is insoluble
in alkanes and acetone which have high detector response and
.may mask a large number of components.
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The adsorbent used was the charcoal tube, of NIOSH
(National -Institute for Occupational Safety and Health)
design,. which has a great advantage over the carbon filter
(17,18): the standard tube contains 100 mg and 50 mg
sections of activated coconut charcoal separated by glass
wool and the presence or absence-of sorbed material in, the
50 mg backup section can be used to evaluate the trapping
efficiency and capacity of the 100 mg front section and to
check out the possible breakthrough of the sorbed material
from the front section.
An open-loop system was used to avoid the background
signal caused by the pump (16).
A wide-bore capillary column was used because of its
higher resolution than the packed columns and greater
capacity than the narrow-bore capillary columns, and thus
split injection is no longer necessary.
To' sum up, an open-loop equipment, charcoal tube
adsorption/ carbon disulphide desorption, wide-bore
capillary column and flame ionisation detector were used to
determine the suitable conditions for about 50 volatile-





A Varian 3700 gas chromatograph with a flame ionisation
detector was used to carry out the analyses, employing a 60m
x 0.75m.m I.D. glass capillary column with 1.00 micron of
SPB-5 or a 10m x 1/8 in. I.D. stainless steel column packed
with Carbopack B of 60-80 mesh which was coated with 1% SP-
1000. The chromatograms were recorded either with a Houston
recorder (Super Scribe Series 4900) or a Hitachi 833A data
processor. Helium was used as carrier gas for wide-bore
capillary column and nitrogen for packed column.
During the sample pretreatment, the flow rate of the
purging gas was measured with a flow meter of Matheson model
601.
Three micro-syringes (ul, 5,u1, 25)u1) were used in the
preparation of solution or sample injection. They involved
220 bevel and were obtained from the Hamilton Co.
The purge-and-trap set up was shown schematically as
follows:
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Fig. II-1. Set up for purge-and-trap method
A: Nitrogen gas cylinder B: Molecular sieve (SA) C:
Flow meter D: Tenax GC, activated E: Round-bottom
flask with bubbler F: Thermostat* G: Anhydrous
magnesium perchlorate H: Charcoal tube
The glasswares were connected with 1/8 in. I.D. Tygon




All reagents used were either of analytical-reagent
grade or fractional distilled from reagents for synthesis.
Charcoal tubes, in standard size 50/100 mg, were
obtained from Alltech Associates, Inc.
2.2 Standard solutions
Stock soutions containing the organic compounds (1000
ppm, v/v in methanol or carbon disulphide) were prepared.
Other standard solutions were obtained from the stock
20
solutions by appropriate dilution with methanol oc carbon
disulphide, suitable compounds also being added as internal
standards where necessary. The methanol stock solutions were
used to prepare synthetic polluted water samples.
3 Procedure
3.1 Preparation of polluted water
A certain amount of methanol stock was mixed with 200
ml of distilled water. Organic free sodium sulphate was
.added to increase the ionic strength of the solution.
3.2 Purge and trap
The open-loop system was set up as shown in Fig. II-1.
The water sample was purged with nitrogen at various flow
rates and temperatures for various periods of time.
3.3 Desorption of adsorbents
Each of the two sections of charcoal was transferred
separately into two 3.7-m1 vials with a Teflon-faced
silicone septum. After the addition of 0.5 ml or 1 ml of
carbon disulphide containing an internal standard, each vial
was tightly closed. The adsorbents were then extracted at
0°C into carbon disulphide by shaking the vials with an
ultrasonic cleaner for 20 min.
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3.4 Gas chromatographic analysis
The carbon disulphide extracts or the standard
solutions were injected either with a 1 ul micro-syringe (for
the wide-bore capillary column) or a 5 )l micro-syringe (for
the packed column) into the gas chromatograph. The
wide-bore capillary column SPB-5 was kept at 30°C for 25
min, and then programmed to 120°C at the rate of 3°C/min.
The injector temperature was 250°C, while the detector
temperature was 270°C. The carrier gas flow rate was 1
ml/min, while.the makeup gas flow rate was 15 ml/min.
The quantitative results were obtained from the data
processor or from the peak heights(or areas) recorded by
the Houston recorder.
3.5 Recovery determination
Consider 200 ml of an aqueous sample containing x ppm
of component i, and the front section of the charcoal tube
was extracted with 0.5 ml of carbon disulphide after the
purge-and-trap step as described above. If the recovery was
100%, the concentration of component i in the carbon
disulphide extract should be 400x ppm. A standard solution
of component i in carbon disulphide with the concentration
of 400x ppm was prepared. When a fixed volume of the carbon
disulphide extract and. the standard of component i were
injected separately into the same chromatograph under the
same conditions, the percentage recovery can be calculated
from the following equation:
22
recovery for component i= (R for CS2 extract/ R for
standard) x 100,
where R stands for the ratio of the area (or height) of





Hydrocarbons, halocarbons, aromatics, ketones and alkyl
acetates were included in this study because they are the
common organic pollutants found in the aquatic environment
and they are volatile enough to be studied using the purge-
and-trap method. Further, very little studies have been done
on ketones and alkyl acetates so that we found it worthwhile
to assess the conditions for the simultaneous determination
of all the five groups of compounds mentioned above.
The success of the proposed purge-and-trap method using
solvent extraction to recover the sorbed materials relies
very much on whether it is possible to force the trace
organics effectively out of water and then subsequently
purge and trap them in the charcoal tube. Thus, it is
necessary to determine the suitable conditions for the
purge-and-trap method.
It is noted that the packed column SP-1000 was used to
perform some of the experiments before the wide-bore
capillary column SPB-5 arrived.
1 Effect of purging time and purging rate
The effect of purging time on the recoveries of five
different groups of organic compounds was studied and the
results are shown in Tables II-1 to II-5. In Table II-1 and
24
subsequent tables, when only one value appeared for the
percentage recovery, no breakthrough occurred. However, when
breakthrough of a compound was observed, the percentage
recovery was expressed as a sum of two terms, indicating
respectively, the recovery in the front and backup sections
of the charcoal tube. It can be seen that in general the
percentage recoveries were enhanced by longer purging time
as observed by Savenhed (14) except for several halocarbons
under study. The situation was particularly serious for
dichloromethane. It may be possible that some of the highly
volatile halocarbons after driven out of the sample solution
failed to be trapped by both sections of the charcoal tube
resulting in the observed decrease in recovery.
It is worthy to note that the percentage recoveries
for the hydrocarbons and aromatics are good, since
recoveries close to or above 90% were achieved at the
purging time of 35 min and 60 min, respectively. On the
other hand, the percentage recoveries for acetone and 2-
butanone were low and that for cyclohexanone was poor.
In addition, some values obtained were greater than
100%. The experimental errors were suspected to be caused by
the use of a single column temperature programming where
base-line shifting usually occurred, so that the peak areas
of compounds having long retention times were less reliable.
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Table II-1. The effect of purging time on the percentage
recoveries of hydrocarbons from 200 ml of water spiked with
2 ppm of each component, a 500-m1 round-bottom flask and
bubbler of porosity grade 1 being used and the samples
purged with nitrogen at a rate of 200 ml/min at'25oCa
Percentage recovery









N.B. aResults were based on the comparison of peak height
and the Houston recorder was used for recording.
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Table 11-2. The effect of purging time on the percentage
recoveries of halocarbons from 200 ml of water spiked with 2
ppm of each component, a 500-m1 round-bottom flask and
bubbler of porosity grade 2 being used and the samples











N.B. aResults were based on the comparison of peak areaband
the Hitachi data processor was used for recording. The
first and second terms indicated respectively, the recovery
in the front and backup sections of the charcoal tube.
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Table 11-3. The effect of purging time on the percentage
recoveries of aromatics from 200 ml of water spiked with 2
ppm of each component, a 500-m1 round-bottom flask and
bubbler of porosity grade 1 being used and the samples
purged with nitrogen at a rate of 200 ml/min at 35oCa
Percentage recovery
25 min 45 min 60 minAromatic
92Benzene 90 92
Toluene 9292 94
96Ethyl benzene 92 95
Styrene 84 89 87
Cumene 94 94 94
N.B. aResults were based on the comparison of peak height
and the Houston recorder was used for recording.,*
Table 11-4. The effect of purging time on the percentage
recoveries of alkyl acetates from 200 ml of water spiked
with 2 ppm. of each component in the presence of 10 g- of
anhydrous disodium hydrogen phosphate, a 500-m1 round-bottom
flask and bubbler of porosity grade 1 being used and the
samples purged with nitrogen at a rate of 200 ml/min at
Percentage recovery
Alkyl acetate .0. 75 hr 1 hr 2 hr
Methyl acetate 63 74 74
Ethyl acetate 68 85
s-butyl acetate 93 92 92
Butyl acetate 89 110 89
Amyl acetate 95 101 149
N.B. aResults were based on the comparison of peak area and
the Hitachi data processor was used for recording.
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Table 11-5. The effect of purging time on the percentage
recoveries of ketones from 200 ml of water spiked,with 2 ppm
of each component in the presence of 10 g of anhydrous
sodium sulphate, a 500-m1 round-bottom flask and bubbler of
porosity grade 1 being used and the samples purged with
nitrogen at a rate of 200 ml/min at 50oCa
Percentage recovery




Methyl isobutyl ketone 91 92
Methyl butyl ketone 77 80
Cyclohexanone 5 8
N.B. aResults were based on the comparison of peak areaband
the Hitachi data processor was used for recording. The
first and second terms indicated respectively the recovery
in the front and backup sections of the charcoal tube.
All the compounds were purged with the commonly used
purging rate of nitrogen at 200 ml/min. An experiment was
done to assess the effect of flow rate on the recovery of
the highly volatile dichloromethane, which had poor
recoveries as shown in Table 11-2. Two flow rates, namely,
200 ml/min and 50 ml/min, were used. The purging time chosen
were 0.5 h and 2 h for the two flow rates respectively, such
that the same volume of nitrogen passed through the sample
solutions containing 2 ppm dichloromethane for both cases.
The percentage recoveries were 57+25 at the higher flow rate
and 93 at the lower flow rate. Thus, better recovery can be
achieved at the lower flow rate.
29
2 Effect of temperature
Next the effect of temperature on the percentage
recovery was studied. It was hoped that a suitable
temperature might be found to increase the percentage
recoveries for several ketones and to decrease the purging
times without lowering the percentage recoveries. The
results are shown in Tables 11-6 to 11-9, where it can be
seen that for'most cases the percentage recoveries increased
with increasing temperature. The effect is marked for the
alkyl acetates, and significant improvements were-obtained
for acetone and 2-butanone. However, some low boiling
organics such as 1,1,2-trichlorotrifluor6ethane and
tetrachloromethane were found to break through the front
section of the charcoal tube when the purging temperature
was 80°C as indicated in Table 11-6. On the other hand,
acetone, though volatile, did not show similar breakthrough
because. of its high solubility in water. In addition, a
larger amount of water vapour was generated at 80°C so that
the maximum temperature which: could be used was 70°C.
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Table 11-6. The effect of purging temperature on the
percentage recoveries of halocarbons from 200 ml of water
spiked with 2 ppm of each component, a 500-m1 round-bottom
flask and bubbler of porosity grade 2 being used and the








89trif luoroethane 92 45+18b
Tetrachloroethylene 93 102 110
o-dichlorobenzene 78 80 73
m-dichlorobenzene 80 84 79
N.B. aResults were based on the comparison of peak areaband
the Hitachi data processor was used for recording. The
first and second terms indicated respectively the recovery
in the front and backup sections of the charcoal tube.
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Table 11-7. The effect of purging temperature on the
percentage recoveries of aromatics from 200 ml of water
spiked with 2 ppm of each component, a 500-m1 round-bottom
flask and bubbler of porosity grade 1 being used and the










N.B. aResults were based on the comparison of peak height
and the Houston recorder was used for recording.
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Table 11-8. The effect of purging temperature on the
percentage recoveries of alkyl acetates from 200 ml of water
spiked with 1.5 ppm of each component, a 500-ml round-bottom
flask and bubbler of porosity grade 1 being used and the
samples purged with nitrogen at a rate of 200 ml/min for 1
hour
Percentage recovery
25°C 37°C 45°CAlkyl acetate,
32 61Methyl acetate 94
66i-propyl acetate 103 106
n-propyl acetate 46 109
s-butyl acetate 68 93 105
i-butyl acetate 71 89 105
n-butyl acetate 53 80 111
i-amyl acetate 78 94 103
n-amyl acetate 66 87 89
N.B. aResults were based on the comparison of peak height
and the Houston recorder was used for recording.
Table 11-9. The effect of purging temperature on the
percentage recoveries of acetone and 2-butanone from 200 ml
of water spiked with 2 ppm of each component in the presence
of saturated sodium carbonate, a 500-m1 round-bottom flask
and bubbler of porosity grade 1 being used and the samEles
purged with nitrogen at a rate of 100 ml/min for 2 hours
Percentage recovery
Component 60°C 70°C 80°C
Acetone 41 55 68
2-Butanone 65 57 81
N.B. aResults were based on the comparison of peak area and
the Hitachi data processor was used for recording.
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. It is noted that the water samples containing acetone
and 2-butanone were purged with nitrogen at a rate of 100
ml/min for 2 h instead of the purging rate of 200 ml/min for
1 h for other groups of organics, although the total volume
of nitrogen passing through the solutions were all the same.
The reason is that the ketones present at concentrations
around 2 ppm showed signs of breakthrough at a temperature
of' 60°C or' ,above if the flow rate was at 200 ml/min.
However, as shown in later section of this thesis, the
purging* rate of 200 ml/min could be used when the ketones
were present at sub-ppm levels.
3 Effect of salt content
Addition of inorganic salt causes the salting out
effect, which may decrease the solubility of trace organics
in water and thus increase the percentage recovery. Sodium
sulphate is the most widely used salt for this purpose. The
effect of salt. content on the recoveries of ketones was
studied and the results are shown in Table II-10. It can be
seen that the percentage recoveries increased with the' salt
content though to different degrees for different compounds.
However, the solubility of sodium sulphate in water limited
the salt content that can be used to 50 g/ 200 ml at most.
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Table II-10. The effect of salt content on the percentage
recoveries of ketones from 200 ml of water spiked with 2 ppm
of each component in the presence of various. amount of
anhydrous sodium sulphate, a 500-m1 round-bottom flask and
bubbler of porosity grade 1 being used and the samples
purged with nitrogen at a rate of 200 ml/min at 50°C for 1
hour a
Percentage recovery




91 8277Methyl isobutyl ketone
Methyl butyl-ketone 55 77 85
Cyclohexanone 3 5 15
N.B. aResults were based on the comparison of peak areaband
the Hitachi data processor was used for recording. The
first and second terms indicated respectively, the recovery
in the front and backup sections of the charcoal tube.
4 Effect. of pH
The effect of pH of the sample solution on the
percentage recovery was studied, and.the results are shown
in Table II-11. It can be seen that for all the compounds
under study except 1,2-dichloroethylene, the best recoveries
were obtained at pH 7. In fact, the percentage recovery for
dichloroethylene varied only slightly with pH. Thus, the pH
value of 7 was chosen for all subsequent experiments.
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Table II-11. The effect of pH on the percentage recoveries
of several compounds from 200 ml of water spiked with 1 ppm
of each component in the presence of various, sodium salt at
equal ionic strength, a 500-m1 round-bottom flask and
bubbler of porosity grade 1 being used and the samples
purged with nitrogen at a rate of 100 ml/min at.70°C for 1.5-
hoursa
Percentage recovery
6b 7 11bCompound pH
Acetone 30 50 45
2-Butanone 50 62 53+3c
Trichloromethane 87 92 88
Ethyl bromide 81+4c 88 74
1,2-dichloro-
ethylene 90 91 94
N.B. aResults were based on the comparison of peak areaband
the Hitachi data processor was used for recording. The
sodium salts' used in the different solutions were organic
free sodium dihydrogen phosphate, sodium sulphate, sodium
carbonate respectively. cThe first and second terms
indicated respectively the recovery in the front-and backup
sections of the charcoal tube.
5 Effect of porosity of the bubbler
The effect of the porosity of the bubbler on the
percentage recovery was studied. Two bubblers made from
sintered glass of porosity grade 1 and grade 3 were
assessed, and the effect on the percentage recoveries of the
hydrocarbons with C5-C12 was studied. The results are shown
in Table 11-12. It can be seen that the. percentage
recoveries for all the hydrocarbons under study except
pentane using both bubblers were not significantly
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different. It is difficult to compare the results for
pentane since a breakthrough of pentane was observed for
both cases. the bubbler of porosity grade 1 was chosen for
all subsequent experiments since this bubbler has smaller
tendency to be blocked by impurities and is thus easier to
be cleaned.
Table 11-12. The effect of porosity of bubbler on the
percentage recoveries of hydrocarbons from 200 ml of water
spiked with 4 ppm of each component, a 500-m1 round-bottom
flask being used and the samples purged with nitrogen at a
rate of 200 ml/min at 250C. for 45 mi a
n
Percentage recovery0
Porosity Grade 1 Porosity Grade 3









N.B. aResults were based on the comparison of peak height
and the Houston recorder was used for recording. The first
and second terms indicated respectively the recovery in the
front and backup sections of the charcoal tube.
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. 6 Effect of the volume of the flask
The effect of the volume of the round-bottom flask
containing the sample solution on the percentage recoveries
-of the dissolved organics was also studied. Because the
volume of the sample solutions and reagents remained the
same, a change, in the volume of the flask resulted in a
change in its dead volume. A wide-bore capillary column
(SPB-5), which had just arrived, was used for this and
subsequent experiments. Because the wide-bore capillary
column has much better resolution for the organic compounds
.than the packed column, different types of organic compounds
could be included for the study. Two flasks of volume 500 ml
and 250 ml,. respectively, were assessed and the results are
shown in Table 11-13. It can be seen that the percentage
recoveries' for all the compounds under study were larger
using the smaller flask having a smaller dead volume. Thus
the 250 ml flask was used for all subsequent experiments.
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Table 11-13. The effect of the volume of the round-bottom
flasks on the percentage recoveries of different groups of
compounds from 200 ml of water spiked with 0.2 ppm of each
compound in the presence of 50 g of anhydrous sodium
sulphate, bubbler of porosity grade 1 being used and the




























N.B. aResults were based on the comparison of peak area and
the Hitachi data processor was used for recording.
7 Effect of methanol
An organic solvent is needed to prepare standard
solutions of the organic compounds under study. Methanol was
used for this purpose because of its relatively low response
with the flame ionisation detector. However, organic
compounds tend to be soluble in alcohols so that the effect
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of methanol on the percentage recovery needs to be studied.
The experiment was done using the wide-bore capillary column
(SPB-5) and a range of organic compounds were included for
the study. The results are shown in Table 11-14, where it
can be seen that the percentage recoveries were higher for
the lower methanol content. The methanol content of less
than 40 ul per 200 ml of aqueous sample was used for all
subsequent, experiments.
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Table 11-14. The effect of methanol on, the percentage
recoveries for several groups of compounds from 200 ml of
water spiked with 0.2 ppm of each component in the presence
of-50 g of anhydrous sodium sulphate, a 250-m1 round-bottom
flask and bubbler of porosity grade 1 being used and the
-samples purged with nitrogen at a rate of 200 ml/min at 70°C
for 2 hours
Percentage recovery














N.B. aResults were based on the comparison of peak area and
the Hitachi data processor was used for recording.
8 Effect of the concentration of the organic compounds
Most organic compounds are soluble in water to
different extents so that the concentration of the dissolved
organics should affect their respective percentage
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recoveries, which are expected to be lower for lower
concentrations. Thus the percentage recoveries for the 50
organic compounds at three different concentrations were
determined. However, the wide-bore capillary column SPB-5'
cannot resolve the 50 organic compounds completely. These
compounds were divided into three groups to be studied
separately so that no two compounds in each group had
overlapping peaks. The compounds included in each group are
listed in Tables 11-16 to 11-18.
Three concentrations of the organics, namely, 0.2 ppm,
0.05 ppm and 0.015 ppm were used for the study. Because the
concentration levels were much lower than 2 ppm used
previously, the salt content employed here was the highest
possible one, namely, 50 g of sodium sulphate per 200 ml of
solution because the percentage recoveries were found
previouslyto increase with increasing salt content.
The results of the experiments are combined in Table
11-15, -where the boiling point and solubility of each
compound are also included for reference. It can be seen
that at the 0.2 ppm level, the percentage recoveries for the
hydrocarbons ranged from 89-103%, and the values for six out.
of the nine hydrocarbons were 95% or above. The percentage
recoveries for the twelve halocarbons except benzyl chloride
ranged from 77-106%, and for seven of them were above 90%.
The percentage recoveries for the eight aromatics ranged
from 82-101%, and for six of them were 94% or above. The
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percentage recoveries for the eight ketones ranged from 58-
91%, and the poor recoveries for 2-heptanone and 3-heptanone
may be ascribed to their high boiling points. The percentage
recoveries for the six acetates ranged from 58-877 and for
two of them the values ranged from 85-87%. Thus the
percentage recoveries at the 0.2 ppm level can be considered
very good for the hydrocarbons, good for the halocarbons and
aromatics,. satisfactory for most ketones and only fair for
the acetates.
For the hydrocarbons, the percentage, recoveries
decreased slightly at the 0.05 ppm level, nevertheless, the
values for six out of the nine hydrocarbons were about 90-
97%. At the 0.015 ppm level, the percentage recoveries
further decreased, however, the values for only two of them
having relatively high boiling points fell below 80%.
For the halocarbons, the percentage recoveries also
decreased at the 0.05 ppm level, and now only four out of
the twelve halocarbons had recoveries lying close to 90% or
above. The corresponding results at the 0.015 ppm level were
slightly worse compared with the corresponding results at
the 0.05 ppm level.
The percentage recoveries for the aromatics at the 0.05
ppm level were still quite good since the values for all of
them except styrene were close to or above 90%. The values
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at the 0.015 ppm level were. slightly worse, but still four
were 90% or above.
The percentage recoveries for the ketones were no good
at the 0.05 ppm level and three out of eight of them fell
below 30% and one was 41%. Very poor recoveries were
obtained at.the 0.015 ppm level.
Most of the percentage-recoveries for the acetates at
the 0.05 ppm level were worse than the corresponding values,
at the 0.2 ppm level, and three of them were below 50%. The
values for three of them were very poor at the 0.015 ppm
level.
In summary, the percentage recoveries for the
hydrocarbons, halocarbons and aromatics determined at the
0.2 ppm level are, in generally, good and the values only
decreased. slightly at the 0.05 and 0.015 ppm levels.
However, for the ketones and acetates, the percentage
recoveries were only fair a.t the 0.2 ppm level, and.
decreased.considerably at the 0.05 ppm level. Further, poor
recoveries were obtained for most ketones and acetates at
the 0.015 ppm level probably caused by their comparatively
high boiling points combined occasionally with slight
solubilities in water; and perhaps the poor recoveries were
also the reason why very little were done. on the
determination of the ketones and acetates in water samples
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It has been reported that the determination of
chlorobenzene, 1,2-dichloroethane and ethylbenzene in
aqueous samples using a purge-and-trap method and thermal
desorption was laboratory valid for the range of 0.02-0.5
ppm using a 5-g aqueous sample (31). It is worthy to note
that it is also possible to determine the five groups of
compounds under study with fairly good recoveries at least
down to 0.2 ppm level. The solvent desorption method which
we used is inherently less sensitive than the method using
thermal desorption because the latter method used all
pollutants desorbed for a single injection. However, by
using larger volume of the sample solution, it is possible
to enhance the sensitivity of the proposed method.
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Table 11-15. The effect of concentration of pollutants on
the percentage recoveries of different groups of compounds
from 200 ml of water spiked with 0.015, 0.05 and 0.2 ppm of
each component in the presence of 50 g of anhydrous sodium
sulphate, a 250-m1 round-bottom flask and bubbler of
porosity grade I being used and the samples purged with
nitrogen at a rate of 200 ml/min at 70°C for two hoursa
SolubilityB.p.bPercentage recovery
in waterConc.(ppm)
(g/100g of0.015 0.05 0.2 (°C)
water)Compound
84n-Pentane 87 97 36.1 0.036(16.1)
89 Insolublen-Hexane 97 68.7103
102n-Heptane 95 103 98.4 0.0052(100)
n-Octane 84 95 96 125.6 0.002(16')
93i-octane 89 99.2 Insoluble
82n-Nonane 87 Insoluble95 150.8
86n-Decane 84 Insoluble95 174.1
n-Undecane 73 76 89 194.5 Insoluble
67n-Dodecane 75 214.5 Insoluble90
Trichloro-
methane 105 102 61-2106 0.82(20°)
TEthyl bromide T 99 38.4 0.9(30')
1,2-dichloro- 0
ethane 8378 90 83-4 0.86(20)
1,2-dichloro-
ethylene T 68 80 Insoluble60
Tetrachloro-
ethylene 73 82 91 121 Insoluble
1,1,1-trichloro-
ethane 94 99 Insoluble93 74.1
1,1,2,2-tetra-
chloroethane 52 62 79 146.2 0.29(20°)
1,1,2-trichlorotri-
fluoroethane 86 100 104 47.6 Insoluble
Chlorobenzene 82 87 92 Insoluble131-2
o-dichloro-
benzene 69 70 77 180.5 Insoluble
m-dichloro-
benzene 60 77 83 173 Insoluble
Benzyl
chloride 59 56 59 Insoluble179
Benzene 86 89 94 80.1 0.07(220)
Toluene 94 94 101 Slightly110.6
soluble
Ethylbenzene 92 90 95 136.3 Insoluble
o-xylene 9182 97 144 Insoluble
m-xylene 9186 97 139.3 Insoluble
90 90 97 137-8 Insolublep-xylene
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Solubility0.015 0.05 0.2 b.p.Compound
Very67 71 82 145.2Styrene
slightly
soluble





2(200)45 69 80 117-9ketone
Methyl butyl-





0.0617 19 80 168.2ketone
8.5(150)53 74 77..2Ethyl acetate L.R.
1.6(16')8557 101.6Propyl acetate. 63
t-butyl
Insoluble63 89 87 97.8acetate
s-butyl
Insoluble112-3654345acetate
0.727 126.173Butyl acetate L.R.
0.25(150)L.R. 1425841Amyl acetate
N.B. aResults were based on the comparison of peak Brea and
the Hitachi data processor was used for recording. Boiling
point and solubility data taken from reference-32. In the
table, L.R. for low response and T for peaks affected by the
solvent peak.
9 Chromatograms
The chromatograms of the three groups of organic
compounds mentioned in section 8 are shown in Fig. 11-2 to
Fig.II-4, where the-compounds belonging to each group are
listed in Tables 11-16 to 11-18.
For each of the three groups of organic compounds, an
aqueous solution containing 0.2 ppm of the compounds in
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each group was prepared and subjected to the purge-and-trap
steps under the same conditions as described in Table 11-15.
The chromatogram of 0.5 ul of the carbon disulphide extract
of the front section of the charcoal tube was obtained using
the wide-bore capillary column SPB-5 kept at 30°C for 25
min, and then programmed to 120°C at the rate of 3°C/min.
The injector temperature was 250°C, while the detector
temperature was 270°C. The carrier gas flow rate was 1
ml/min, while the make up gas flow rate was 15 ml/min. The
relative rentention time for each compound is. also shown in
Tables 11-16 to 11-18.
Shown in each figure is a chromatogram of the same set
of organic compounds obtained by direct injection of 0.5 p1
of a carbon disulphide solution containing these compounds
and the concentration of each component injected was the
same as that in the carbon disulphide extract for 100%
recovery.
Fig. II-2. Chromatograms of part of the pollutants
(A) the extract of the front section of a 0.2 ppm spiked water sample
(B) the standard. solution of-equivalent concentration for 100% recovery
Injector temp. =250°C Detector temp.=270°C
Carrier gas' flow=. iml/min Make up0 gas flow= 15m1/min
SPB-5 wide-boreo-capillary column kept at 30 C for 25 min, then programmed
to 120°C with 3 C/min
FID Att. 1xE-11
Plot Att. of data processor was -4 my full scale at the-first 14.5 min and
2 my afterwards
Injection volume= 0.5 ul
49
Table 11-16. Pollutants in Fig. 11-2
- - - - - - - - - - - - - - -











10 s-butyl acetate 0.743
11 Methyl butyl ketone 0.941
12 Internal standard octane 1.000





18 n-amyl acetate 2.411
19 Diisobutyl ketone 2.760
20 m-dichlorobenzene 2.911
21 Decane 2.922




Fig. 11-3. Chromatograms of part of the pollutants
(A) the extract of the front section of a 0.2 ppm spiked water sample
(B) the standard solution of equivalent concentration for 100% recovery
Injector temp.=250 C° Detector temp.=270 C
Carrier gas flow= lml/min
Make uVC as flow= 15. ml/min
SPB-5 o ide-bore° capillary column kept at for 25 min, then programmed
to 120 C with 3 C/min
FID Att. 1xE-11.
Plot Att. of data processor was 4 my full scale:iat the first 21.0 min and
2 my afterwards
Injection volume= 0.5 p1
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Table 11-17. Pollutants in Fig. 11-3







6 t-butyl acetate 0.332
7 n-propyl acetate 0.367,
8 Methyl isobutyl ketone 0.436
9 Octane 0.712




14 n-amyl acetate 1.692
15 Diisobutyl ketone 1.939
16 Dodecane 2.659
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Fig. 11-4. Chromatograms of part of the pollutants
(A) the extract of the front section of a 0.2 ppm spiked water sample
(B) the standard solution of equivalent concentration for 100% recovery
Injector temp.=250 C Detector temp.=270 C
Carrier gas flow= 1 ml/min Makeo up gas flow= 15 ml/min
SPB--5 wide-bore 0capillary column kept at 30 C for 25 min, then programmed
to 1200C with3 C/min
FID Att. 1xE-11
Plot Att. of data processor was 2 my full scale at the first 16.5 min and
1 my afterwards
Injection volume= 0.5 u1
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Table 11-18. Pollutants in Fig. 11-4
Peak no. Compound Relative
retention time
1 Ethyl bromide 0.185
2 Solvent 0.202
3 2-butanone 0.253
4 Ethyl acetate 0.278
5 1,2-dichloroethane 0.331
6 Toluene 0.750







14 Diisobutyl ketone 2.759
15 m-dichlorobenzene 2.911
16 Benzyl chloride 2.968
The compounds having very similar retention times and
thus cannot be separated from the wide-bore capillary column
SPB-5 under identical conditions were listed in Table 11-19.'
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Table 11-19. Compounds which cannot be separated by the
wide-bore capillary column SPB-5
Compounds Retention timea(min)
2.32Acetone, Pentane









Cumene, n-amyl acetate 33.12
aConditions: SPB-5 column kept at 30°C for 25 min, and then
programmed to 1200C at a rate of 3 C/min, injector
temp.=250°C, detector temp.=270°C, carrier gas flow rate=1
ml/min, He, make up gas flow rate=15 ml/min, He
As five different groups of compounds were included in
this study, it is not suprising to find compounds having
similar retention times. This would also be the case for the
determination of organic compounds in polluted water. To
resolve the mixture completely, more than one column seems
necessary. It is also necessary to resort to GC/MS to
identify the compounds,- particularly those having retention
times similar to other compounds, before quantitative
determination using gas chromatography can be made.
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10 Precision
The relative standard deviations for three replicate
measurements of the gas chromatographic responses for the
carbon disulphide extracts of some of the pollutants were
calculated. The results are shown in Table 11-20. The
standard deviation for each compound injected directly into
the gas chromatograph was indicated in parentheses.
Most of the data available are for compounds at the 0.2
ppm*level. Roughly speaking, slightly better precisions were
obtained when the concentrations are higher, though a few
exceptions are found.
Precisions at the 0.2 ppm level are good for the
hydrocarbons, halocarbons and aromatics, except for two
compounds. for which the relative standard deviations were
greater than 10%. The precisions were not so good for the
ketones because the relative standard deviations were
over 12%. The precisions for the acetates were even. worse
because most of them had relative standard deviations close
to 20%. It is denoted that the poor precisions. were not due
to errors in the measurements of the gas chromatographic
responses because the relative standard deviations of such
measurements were within 5% (see the data in parentheses).
Further, the ketones and acetates were found previously to




Table 11-20. Relative standard deviations for three
replicate determinations of some organic compounds'
Relative standard deviations(%)
Compouncl\Conc.(ppm) 0.015 0.05 0.2
6.5 (1.9)Hexane (3.8)(4.0)
6.1 (3.2)Heptane (5.9)
5.113.3Octane (8.4) 5.2 (1.7) (1.6)






ethane 11.3 (3.8) 7.2 (0.0)(0.8)
1,1,2,2-tetra-
chloroethane 10.2 2.9(6.9) (4.9) (4.5)
Chlorobenzene 3.2 1.5 (0.5)(1.1)
o-dichlorobenzene 5.5(1.2) (1.2)
m-dichlorobenzene 3.6 (1.9)(0.-2)
Benzyl chloride 7.1 10.2 (3.7)(8.6) 2.5 (4.5)
Benzene 13.5 (0.3) 15.7 (2.2)(3.0)
Toluene 2.1(1.1) (1.0) (0.2)
o-xylene 13.8 5.2 (0.0)(0.0) (0.0)











Diisobutyl ketone 30.0 13.9(4.4) (0.3) (0.9)
Ethyl acetate 16.0 18.0 (1.3)(2.9)
-(0.3)Propyl acetate 20.8(0.9) (0.9)
t-butyl acetate 18.7 (0.0)(1.5) (0.6).
s-butyl acetate 37.8(1.7) (1.2) (0.8)
Butyl acetate 24.2(2.9) (1.8)
N.B. aResults were based on the comparison of peak area and




A simple method has been developed for the
simultaneous determination of trace volatile organics in
water using the purge-and-trap method for gas extraction,
and solvent extraction with carbon disulphide to recover the
sorbed material. An open-loop system was employed and
charcoal tube was used as adsorbent. The purge-and-trap
apparatus are assembled from simple glassware, and the
charcoal tubes are commercially available.. The organic
compounds in the carbon disulphide extract was determined by
gas chromatography using a wide-bore capillary column.
The optimum conditions suitable for five groups of
common volatile organic pollutants including the
hydrocarbons, halocarbons, aromatics, ketones and alkyl
acetates were assessed. The water sample was purged at 70°C
for 2 h with purified nitrogen at a flow rate of 200 ml/min.
The pH of the water sample was adjusted to 7, and sodium
sulphate added to decrease the solubilities of the organic
compounds.
The percentage recoveries were found to be generally
good for the hydrocarbons, halocarbons and aromatics
determined at the 0.2 ppm level, and the values decreased
slightly at the 0.05 and 0.015 ppm levels. However, for the
ketones and acetates, the percentage recoveries were only
fair at the 0.2 ppm level and decreased considerably at the
0.05 ppm level. Poor recoveries were obtained for most
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ketones and acetates at the 0.015 ppm level possibly due to
their comparatively high boiling points combined
occasionally with slight solubilities in water.
The precision for the determination at the 0.2 ppm
level were within 10% for most hydrocarbons, halocarbons and
aromatics, around 15% for most ketones and around 20% for
the acetates.
The time required for each determination was around 4 h
20 min (2 h for purge-and-trap, 20 min for-desorption, and 1
h each for running the gas chromatograms for the carbon
disulphide extracts of both the front and backup sections,
respectively), and was quite long. However, the proposed
method can be used to determine many organic pollutants
simultaneously from the same carbon disulphide extract, and
this can compensate for the long time required for each
determination. Further, for the determination of a mixture
containing hydrocarbons, halocarbons and aromatics only, the
purging time of around 1 h would be sufficient. Only ketones
and acetates take longer purging times.
Although previous workers .have studied the
determination of hydrocarbons, halocarbons and aromatics.
using the purge-and-trap method, yet most of them studied
each group of compounds separately. In the present work, we
attempted to determine several groups of compounds
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simultaneously with the help of a wide-bore capillary
column. However, a number of compounds could not be resolved
on the column SPB-5, which-we used. Thus, to resolve a
mixture completely, at least one more column with* a
different stationary phase is necessary. Furthermore, for
the determination of volatile organics in real samples, it
is necessary to identify the compounds by GC/MS- before
quantitative determination using the proposed purge-and-
trap/solvent extraction method can be made.
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PART III






The purge-and-trap method is restricted to the
pretreatment of volatile and less soluble organic pollutants
in aqueous samples. The polar semivolatiles are usually
concentrated by liquid extraction/solvent evaporation or
steam distillation (33). However, the former process may
introduce impurities into the sample from the solvent, which
is a serious drawback in trace analysis. On the other hand,
steam distillation, is time-consuming so that it is
desirable to develop other more efficient methods for
pretreatment of the semi-volatile compounds for gas
chromatographic analysis.
An attempt was made here to extend the purge-and-trap
method to determine carboxylic acids, which are microbial
metabolites. Bacteria contain varying proportions of fatty
acids, which can be used to identify specific
microorganisms in the aquatic environment.
Direct injection of aqueous samples containing
carboxylic acids into the gas chromatographic columns have
been done, but this technique suffers from solvent tail
masking of the desired' peaks, stationary phase decomposition
and low sensitivity (20). In order to enhance the volatility
of the analyte and hence the sensitivity of the method,
derivatisation schemes are designed. Carboxylic acids are
usually derivatised by diazomethane to yield methyl esters.
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However, diazomethane itself is violently explosive and a
particularly volatile compound (b.p.=-23°C). It is not
employed in our laboratory since it will saturate the
charcoal in the adsorbent tube and become a nuisance in the
gas chromatographic analysis. Moreover, very careful
operation and safety equipments such as the Diazald kit and
efficient fume cupboard etc. are necessary. Thus methyl p-
toluenesulphonate, with the less labile leaving group, the
p-toluenesulphonate ion, was used in our derivatisation
scheme.
Durs t et al. (23) prepared of, p-dibromoacetophenone
derivatives of fatty acid from potassium carboxylates using
18-crown-6 and dicyclohexyl-18-crown-6 as catalysts. Our
method for the preparation of the methyl esters of
carboxylic acids was based on the crown ether solid-liquid
phase transfer scheme of Durst et al. (23), except that dibenzo-18-
crown-6'was used as catalyst and methyl p-toluenesulphonate
as the alkylating reagent. The reaction scheme may be
represented as follows:




Water is removed by evaporation using a rotary
evaporator or freeze-dried because the methylation reaction
needs to be carried out in the absence of water.
Although methyl p-toluenesulphonate has a melting point
of 27-8°C, it was in the liquid state during the reaction
and the purging step. However, it is not a good solvent for
the potassium carboxylates. Initially, no solvent was added
to dissolve potassium carboxylates and erratic results were
often obtained. Then a few drops of a suitable solvent were
added, yielding more reproducible results. The solvent
chosen should have a high boiling point in order to keep it
in the reaction flask during purging, and it should be a
good solvent for the potassium carboxylates so that only a
small amount was needed.
Some initial experiments with the nitrogen inlet tubing
dipping in the reaction mixture showed that certain
unwanted material(s) was also driven out of the reaction
mixture and adsorbed in the charcoal tube. This problem was
solved when the inlet tubing was positioned above the
solution surface. The gas extraction method in the modified
set-up was, in fact, dynamic headspace analysis (13) because
the gas extraction was now performed by passing an inert gas
'over' the sampLe solution.
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The carboxylic acids under study included n-propionic
acid, n-butyric acid and n-pentanoic acid. Acetic acid was
excluded because the gas chromatographic peak of its methyl
ester is masked by the carbon disulphide peak'on the wide-
.bore capillary column SPB-5. The optimum conditions for the
determination. were assessed and the method was applied to





A Varian 3700 gas chromatograph with aflame-ionisation
detector was used to carry out the analyses, employing a.60m
x 0.75mm I.D. 'glass capillary column with 1.00 micron of
SPB-5. Helium was used as carrier gas. The chromatographic
results were obtained from a Hitachi 833A data processor.
During the sample pretreatment, the flow rate of the,
-purging gas was measured with a flow meter of Matheson model
601.
Two micro- syringes (11u1, 25pl) were used in the
preparation of solution or sample injection. They involved
22° bevel and were obtained from the Hamilton Co.










Fig. III-1. Set up for the dynamic headspace method
A: Nitrogen gas cylinder B: Molecular sieve (5A); C:
Flow meter D: Thermometer E: Reaction mixture F:
Anhydrous magnesium perchlorate and glasswool (heated at
180°C for 24.hours) G: Charcoal tube and H: Hotplate
with magnetic stirrer
The nitrogen inlet tubing was positioned over the
surface of the reaction mixture in the flask.
2 Reagents.
2.1 Commercial reagents
n-Propionic acid,- n-butyric acid'and n-pentanoic acid,
potassium carbonate and the corresponding methyl esters were
of analytical-reagent grade or glass distilled. Methyl p-
toluenesulphonate (E. Merck) was 97% pure and slightly
acidic and 50 mg of potassium carbonate was added per ml of
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the reagent to neutralise the acidic impurities. Dibenzo-18-
crown-6 was the product from Fluka. Carbon disulphide and
the charcoal tubes were the same as described in Part II.
2.2 Standard carboxylates solution
Stock solutions of the methyl carboxylates in carbon
disulphide were prepared by adding 10 pl of each
carboxylates separately to 5 ml of the solvent. The
concentrations were: Methyl propionate, 1830 pg/ml methyl
butyrate, 1796 ug/ml and methyl pentanoate, 1820 pg/ml.
Other standards were prepared from this solution by
appropriate dilution with,carbon disulphide, and adding to
each octane or chlorobenzene as internal standard.
2.3 Standard carboxylic acids solutions
A stock solution of the carboxylic acids was prepared
by dissolving 25,u1 of each acid in an aqueous solution of
potassium carbonate, and the resultant solution was.
adjusted to pH 8-9 before diluting to 50 ml. The
concentrations of the acids in the stock solution were:
propionic acid, 497 ug/ml butyric acid, 480 dug/ml and
pentanoic acid, 469 ug/ml. It is noted that the stock
solution of the carboxylic acids at pH 8-9 contained
compounds essentially in the anionic. forms. Standard
solution containing 24.9 ug/ml of propionic acid, 24.0 ug/ml
of butyric acid and 23.5 ug/ml of pentanoic acid was
obtained by diluting the stock solution.
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3 Procedure
3.1 Derivatisation and headspace analysis'
Different volumes of the standard solution of the
carboxylic acids were dried separately under vacuum in a 5-
ml round-bottom flask using a rotary evaporator. Dibenzo-18-
crown-6 (1-2 mg), methyl p-toluenesulphonate (1 ml),
anhydrous potassium carbonate (about 60 mg), N,N-
dimethylformamide or ethylene glycol (about 40 ul) and a
magnetic bar were added to the reaction flask. The apparatus
was set up as shown in Fig. III-1. The mixture was heated at
80°C with stirring and nitrogen purging at a rate of 200
ml/min for 2.5 h in the presence of N,N-dimethylformamide or
3 h in the presence of ethylene glycol. The esters trapped
on the charcoal were desorbed by shaking at 0°C with 0.5 ml
of carbon' disulphide for 20 min using an ultrasonic cleaner.
An internal standard was also added to the carbon disulphide
extract.
3.2.Gas chromatographic analysis
Both the carbon disulphide extracts and a solution
containing methyl carboxylates having concentration similar
to those of the respective carboxylates contained in the
extract were analysed by gas chromatography using the wide-
bore capillary column SPB-5 at 30°C with a helium flow at a
rate of 1 ml/min. The concentration of ester i in the
.extract could be•calculated by the following equation:
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Conc. of ester i= Conc. of std. sol'n x Risample/ Ristd,
where Ri refers to the ratio of area (or height) of ester i
relative to that of the internal standard in -the same
injection.
3.3 Preparation of calibration graph
A known amount of the standard solution of the
carboxylic acids was derivatised and subjected to the
dynamic headspace analysis as described above. The
concentration of each carboxylate in the extract so obtained
was determined, and its total amount was calculated from
the product of the concentration and volume of carbon
disulphide used for extraction (0.5 ml). A calibration graph
was prepared by plotting the total amount of carboxylate in
the extract against the total amount of the carboxylic acid
in the standard solution.
3.4 Analysis of synthetic sample
An aliquot (2 ml) of the standard carboxylic acids
solution was dissolved in 1 litre of distilled water, and
the pH was adjusted to 8-9 by adding potassium carbonate.
The mixture was freeze-dried. The residue obtained was then
transferred completely with the help of a little distilled
water to a 5-ml round-bottom flask and was further dried in
a rotary evaporator under vacuum. The residue was
derivatised and subjected to dynamic headspace analysis in a
manner similar to that described for the standard carboxylic
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acids solutions in sections 3.1 and 3.2. The amount of





The derivatisation scheme employed in our work was
based on that of Durst et al. (23), except that the
alkylating agent and crown ether used were different.
Initially, we intended to use the purge-and-trap method
for the gas extraction. Thus, the purge-and-trap apparatus
was set up with the nitrogen inlet tubing dipping in the
reaction mixture. However, a white viscous layer appeared in
the carbon disulphide extract of the contents of the
charcoal tube. The white viscous layer was suspected to be
methyl p-toluenesulphonate, which was also carried over to
the charcoal tube by nitrogen.
Then the nitrogen inlet tubing was positioned above the
solution surface instead, and no more white viscous layer
appeared in the carbon disulphide extract. The nitrogen
inlet gas tubing was positioned above the solution surface
for all subsequent experiments. The gas extraction method
adopted now was, in fact, dynamic headspace analysis
because the gas extraction was performed by passing an inert
gas 'over' the solution under study (1.3). Although dynamic
headspace analysis is less effective than the purge-and-trap
method, fortunately it was found that the esters of
carboxylic acids are volatile enough to be purged
efficiently out of the reaction mixture using dynamic
headspace analysis.
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Although our derivatisation scheme was based on a known
method and is expected to yield the desired methyl esters,
it is still desirable to confirm the products.,
An experiment was done to prepare methyl pentanoate
using the proposed reaction scheme. Thus, 10 ml of n-
pentanoic acid was refluxed at 80°C for two hours with
methyl p-toluenesulphonate, dibenzo-18-crown-6 and potassium
hydroxide. The proton-NMR spectrum (Fig. 111-2) of the
distillate collected around 108°C was identical to that
obtained for methyl pentanoate. Further confirmation was
obtained from the fact that the retention time of the major
peak of the carbon disulphide extract after derivatisation
and the purging step was found to be the same as that of
methyl pentanoate and similar gas chromatographic evidences
were obtained for n-propionic acid and n-butyric acid. Thus,
it can be concluded that the proposed reaction scheme is
effective to produce the desired methyl carboxylates. The
optimum conditions for the derivatisation and purging steps
were then determined.
1 Effect of temperature
In our proposed method, the aqueous sample solution
containing the carboxylic acids was first neutralised with
potassium carbonate, and then freeze-dried or dried in a
rotary evaporator to remove water because the methylation
has to be carried out in the absence of water. The methyl
carboxylates were formed in situ by adding the crown ether
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Fig. 111-2. Comparison of the proton-NMR spectrum of the distillate with that of
methyl pentanoate (34)
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and the alkylating agent, and were immediately purged out of
the reaction mixture. As the methyl esters of the carboxylic-
acids under study are not very volatile, it was necessary to
determine a suitable temperature for the alkylation and
purging, which occurred simultaneously.
Experiments were carried out to determine the
percentage yields of the methyl carboxylates after heating
and purging with nitrogen for four hours at three different
temperatures. The results are shown in Table III-1. It is
noted that the percentage yield appearing in Table III-1 and
subsequent tables actually reflects both the conversion
efficiency of the methylation reaction and the efficiency
of the purging, trapping and desorbing processes.
Whenever the percentage yields in Table III-1 was
expressed as a sum of two terms, a breakthrough of the
carboxylate into the backup section of the charcoal tube was
indicated and subsequently part of the carboxylate adsorbed
in the backup section might be purged outside the charcoal
tube. Thus, it is best to avoid the carboxylates to have
breakthrough from the front section of the charcoal tube.
It can be seen.from Table III-1 that for n-propionic
acid, the percentage yield decreased significantly with'
increasing temperature possibly because of its comparatively
low boiling point. Further, breakthrough of the methyl
propionate was,observed at both 130°C and 150°C, and these
two temperatures are not suitable for the determination of
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n-propionic acid.- The percentage yield decreased somewhat
and increased slightly with temperature for n-butyric acid
and n-pentanoic acid, however, both variations. were not
great. Thus, 80°C was chosen as the reaction and purging
temperature for the analysis of the mixture of these
carboxylic acids.
It is also noted from Table 111-1 that the precision
of the results were generally not good, however, they would
not affect the conclusions drawn above for the effect of
temperature.
Table III-1. The effect of temperature on the percentage
yields of 40-70 ug of carboxylic acids reacting with methyl
p-toluenesulphonate in the presence of dibenzo-18-crown-6,
anhydrous potassium carbonate and the contents being purged
with nitrogen at a rate of 200 ml/min for 4 hours
Percentage yielda
B.p. of methyl
80°C 130 °C' 150°CAcid carboxylate(°C




N.B. aTherelative standard deviations for 8 runs (80°C), 3
Euns (130°C) and 2 runs (1500C) are quoted in parentheses
The first and second terms indicated respectively, the
recovery in the front and backup sections of the charcoal
tube
2 Effect of solvent
In the course of the experiment, the residue after
drying consisting of potassium carboxylates and excess
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potassium carbonate was observed to stick on the sides of
the reaction flask after drying and appeared largely
undissolved during the reaction with' methyl p-
toluenesulphonate and dibenzo-18-crown-6.
The failure of complete dissolution of the potassium
'carboxylates' was suspected to be responsible for the poor
precision and relatively low percentage recoveries as noted
in Table III-1. Thus, a solvent was introduced to see if any
improvement in the precision and percentage recovery could
be achieved. The solvent chosen needs to be polar so that it
can dissolve the potassium salts, and having high boiling
point so that it will not be purged out of the reaction
mixture and trapped by the charcoal tube to complicate the
subsequent gas chromatographic analysis.
The first solvent chosen was ethylene glycol, which has
a rather high boiling point of 196-8°C, and only 40 ,pl of it
were enough to dissolve the residue after freeze-drying. The
percentage yields- in the pres'ence of ethylene glycol were'
determined and the results are shown -in Table 111-2, where
the percentage yields in the absence of ethylene glycol were
also included for comparison. From Table III-2, it can be
seen that for both n-butyric acid and*n-pentanoic acid, the
percentage yields as well as precision were improved in the
presence of ethylene glycol.
However, it is noted that no data for n-propionic acid
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appeared in Table III-2. The absence was due to masking of
the gas chromatographic peak of methyl propionate by the
interfering peaks arising from ethylene glycol (see Fig.
III-3), although it has a rather high boiling point. As no
other wide--bore capillary column was available, it is
logical to search for an alternative solvent which would not
interfere with the determination of any of the methyl
carboxylates under study.
Table III-2. The effect of ethylene glycol on the
percentage yields of 40-70 ug of carboxylic acids reacting
with methyl p-toluenesulphonate in the presence of dibenzo-
18-crown-6 and anhydrous potassium carbonate and the
contents being purged with nitrogen at a rate of 200 ml/min








aThe relative standard deviations for 3 runs with ethylene
glycol and 8 runs without ethylene glycol are quoted in
parentheses
The effect of N,N-dimethylformamide (DMF) and dimethyl
sulphoxide (DMSO) were then assessed. Both solvents are
rather polar and have relatively high boiling points of
153C and 189C, respectively. However, only DMF was found




with 40 pi of
ethylene glycol
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Fig. III-3. Chromatograms of blank of ethylene glycol
(A) the extract of the front section in the absence of ethylene glycol and carboxylates
(B) the extract of the front section in the absence of carboxylates but with the addition
of 40 jil of ethylene glycol to the reaction mixture
(C) standard esters solution
Injector temp,=250 C Detector temp.=270 C
Carrier gas flow = 1 ml/min Make up gas flcg&lt;r = 15 ml/min
SPB-5 wide-bore capillary column, isothermal at 30 C
FID Att. lxE-11
Plot Att. of data processor was 2 mv full scale














carboxylates and potassium carbonate so that the effect of
DMF was studied in details. The chromatograms for the
reagent blanks involving DMSO and DMF are shown in Fig. III-
4, and the retention times for the methyl carboxylates and
the major interferences caused by the three solvents are
collected in Table III-3. It can be seen that the gas
chromatographic peaks of both DMSO and DMF do not interfere
with the determination of the methyl carboxylates under
study
Table III-3. The retention times for the methyl carboxylates
and interference peaks caused by the solvents on the wide-
bore capillary column SPB-5 at 30C under a helium flow at a

















aThe interference peaks are quite broad as shown in Fig.
III-3 and III-4.
An experiment to determine the percentage yields in the
presence of N,N-dimethylformamide similar to the case for
ethylene glycol was performed, and the results are shown in




Fig, III-4. Chromatograms of the extract of the front section of blank in
the presence of 40 ul of solvent
Injector temp.=250C Detector temp.=270C
Carrier gas flow = 1 ml/min Make up gas flow = 15 ml/min
SPB-5 wide bore capillary column, isothermal at 30C
FID Att. lxlO-11
Plot Att. of data processor was 2 mv full scale
Inj volume = 1 ul
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butyric and pentanoic acids could all be obtained. For all
three acids, both the percentage yields and precision were
improved in the presence of DMF compared with the data in
its absence. Further, for pentanoic acid, the percentage
yield was close to 97%. Thus, DMF was so far the best
solvent to improve the percentage yield and precision for
the determination of the three acids using the proposed
method.
Table III-4. The effect of N,N-dimethyIformamide on the
percentage yields of 40-70 pg of carboxylic acids reacting
with methyl p-toluenesulpnonate in the presence of dibenzo-
18-Cown--6 and anhydrous potassium carbonate and the
contents being purged with nitrogen at a rate of 200 ml/min
at 80C for 4 hours
Percentage yield










aThe relative standard deviations for '7 runs with DMF and 8
runs without DMF are quoted in parentheses
3 Effect of reaction time
The effect of reaction time on the percentage yield in
the presence of ethylene glycol and N,N-dimethylformamide
was studied, and the results obtained are shown in Table
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III-5 and III-6, respectively.
It can be seen from Table III-5 that in the presence of
40 pi of ethylene glycol, the percentage yields were larger
than 90% for n-butyric and n-pentanoic acids within 3 h, and
the yields changed only slightly after reacting for one
more hour. On the other hand, percentage yields of 94-97
were obtained for the three carboxylic acids after reacting
for 2.5 h in the presence of 40 pi of DMF. The shorter
reaction time of 2.5 h was recommeded for reactions in the
presence of DMF.
Table III-5. The effect of reaction time on the percentage
yields of 40-70 pg of carboxylic acids reacting with methyl
p-toluenesulpnonate in the presence of dibenzo-18-crown-6,
anhydrous potassium carbonate and 40 pi of ethylene glycol,
the contents being purged with nitrogen at a rate of 200
ml/min at 80C





2h 2.5h 3h 4h a
57 70 90 89.0
57 72 94 91.3
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Table 111-6. The effect of reaction time on the percentage
yields of 40-70 dug of carboxylic acids reacting with methyl
p-toluenesulphonate in the presence of dibenzo-18-crown-6,
anhydrous potassium carbonate and 40 ul of DMF, and the
contents being purged with nitrogen at a rate of 200 ml/min
at 800C
Percentage yield




aThe average for 7 runs, refers to Table 111-4
4 Effect of the amount of solvent
The percentage yields in the presence of various
amounts of DMF reacting for various periods of time were
also determined, and the results are shown in Table 111-7.
It can be seen from Table 111-7 that for all three acids at
a fixed reaction time, the percentage yield increased with
the amount of DMF added. Unfortunately, breakthroughs were
observed for all three acids in the presence of 100 pl or
more of DMF, where the reaction time was 1.5 h. On the other
hand, the percentage yields were less than 85 in the
presence of 80 pl of.DMF where the reaction time was 2 h.
Thus, it seemed not possible to reduce the reaction time'
from 2.5 to 2 h by increasing the amount of DMF used. Hence,
it is more preferable to use 40 it of DMF with a reacting
time of 2.5 h to get the maximum percentage yields and to
avoid breakthrough as far as possible.
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Table 111-7. The effect of the volume of DMF added and
reaction time on the percentage yields of 40-70 µg of
carboxylic acids reacting with methyl p-toluenesulphonate in
t e presence of dibenzo-18-crown-6, anhydro::s potas:,.::.:.
carbonate and DMF, and the contents being purging with
nitrogen at a rate of 200 ml/min at 800C
Percentage yield
















aThe first and second terms indicated respectively, the
recovery in the front and backup sections of the charcoal.
tube The average for 7 runs, refers to Table 111-4
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The 'optimum conditions for the determination of n-
propionic, n-butyric and n-pentanoic acids in aqueous sample
using the method of derivatisation and dynamic headspace
technique can be summarised below:
Alkylating agent: methyl p-toluenesulphonate
Catalyst: dibenzo-18-crown-6
Solvent: 40 p1 ,of N,N-dimethylformamide
Reaction temperature: 80°C
Reaction time: 2.5 h
Purging gas: nitrogen purging at a rate of 200 ml/min
5 Precision studies
The precision for the determination of the carboxylic
acids was studied. The relative standard deviations for
three replicate measurements of the gas-chromatographic
response .of the methyl carboxylates derived from standard
carboxylic acids solutions were calculated. The reason why
only three but not more replicate determinations were made
was that it took more than 3.5 h for each determination. The
results are shown in Table 111-8, where it can be seen the
precisions were quite good.
The relative standard deviations of the responses of
the standard carboxylates solutions in carbon disulphide
obtained in direct injection into the gas chromatograph were.
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also determined using both peak area and height
measurements. The results are shown in Table 111-9. It can
be seen that on the whole slightly more precise results were
obtained from peak area measurements. In fact, area
measurements were used in this work to determine the
quantities of methyl carboxylates obtained.
Comparing results in Tables 111-8 and 111-9, the
precision-was slightly better, as expected, for the standard
solutions because the results were obtained by direct
injection and without going through derivatisation and the
.purg'ing and trapping steps.
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Table 111-8. Test for precision of the determination of
carboxylic acids using the proposed method




aThe relative standard deviations for three replicate
determinations of the standard acids solutions are
calculated.
Table 111-9. Relative standard deviations for three:
replicate measurements of the responses, of methyl







Calibration graphs were prepared to relate the amount
of methyl. carboxylate to the amount of the corresponding
carboxylic acid. The amount of methyl carboxylate. in the
carbon disulphide extract obtained after each derivatisation
and dynamic headspace treatment was determined by comparing
its gas chromatographic response with that from the standard
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methyl carboxylate solution as described previously in the
experimental section 3.3.
Each calibration graph require at least two days to
'complete. Fortunately, the same calibration graph could be,
used for all subsequent determinations. Further, the
calibration of all three acids could be done simultaneously.
The calibration graphs for butyric-acid and pentanoic acid
in the presence of ethylene glycol are plotted (see Fig.
III-5.and Fig. 111-6) using the.data shown in Tables III-10
and III-11, respectively. The calibration graphs for
propionic, butyric and pentanoic acids in the presence of
DMF are plotted (see Fig. 111-7 to 111-9) using the data
shown in Tables 111-12 to 111-14, respectively.
All'graphs passed through the origin and were linear in
the ranges under study. The correlation coefficients were in
the range of 0.997-0.999, implying good linear relationship.
The slope of each calibration curve'is proportional to the
percentage yield of the reaction. Thus the slope for butyric
and pentanoic acids in the presence of DMF are higher than
the corresponding values in the presence of ethylene glycol
because the percentage yields for both acids were-found to
be slightly higher in the presence of DMF (see Table 111-5
and 111-6).
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Fig. 111-5. Calibration graph for the determination of butyric acid
in aqueous sample by derivatisation in the presence of
40 ul of ethylene glycol and dynamic headspace analysis
Correlation coefficient= 0.997












Fig. 111-6. Calibration graph for the determination of pentanoic
acid in aqueous sample by derivatisation in the presence
of 40 F1 of ethylene glycol and dynamic headspace
analysis
Correlation.. coefficient.= 0.998













Fig. 111-7. Calibration graph for the determination of propionic
acid in aqueous sample by derivatisation in the presence
of 40 p1 of dime thyl formamide and dynamic headspace
analysis
Correlation coefficient= 0.999
















Fig. III-8. Calibration graph for the determination of butyric acid
in aqueous sample by derivatisation in the presence of
40 u1 of dimethylformamide and dynamic headspace analysis
Correlation coefficient= 0.997















Fig. 111- 9. Calibration graph for the determination of pentanoic
acid in aqueous sample by derivatisation in the presence
of 40 p1 of dimethylformamide and dynamic headspace
analysis
Correlation coefficient= 0.997















From the calibration graphs, it can be estimated that
up to 63.7 ug of propionic acid, 61.5 jug of butyric acid and
60.1 pg of pentanoic acid could be determined using the
proposed method.
Table III-10.' Data for the calibration graph of butyric
,acid derivatis'ed in the presence of-40 p1 of ethylene' glycol
and analysed by dynamic headspace









Linear range= 0.0-48.1 pg of butyric acid
Table III-11. Data for the calibration graph of pentanoic
acid derivatised.in the presence of 40 pl of ethylene glycol
and analysed by dynamic headspace








Linear range= 0.0-47.1 jug of pentanoic acid
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Ta12le 1I11 12., D ta,for the calibration graph of propionic
acid derivatisect in the presence of 40 uI
dimethylformamide and analysed by dynamic headspace











Linear range= 0.0-63.7 }ig of propionic acid
Table 111-13. Data for the calibration graph of butyric acid
derivatised. in the presence of 40 ul of N,N-
dimethylformamide and analysed by dynamic headspace











Linear range ='0.0-61.5 )ug of butyric acid
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Table 111-14. Data for the calibration graph of pentanoic
acid derivatised in the presence of 40 pl of N,N-
dimethylformamide and analysed by dynamic headspace











Linear range= 0.0-60.1 )1g of pentanoic acid
7 Determination of carboxylic acids in sythetic samples
One litre of distilled water spiked with 47.4 ug of
butyric acid and 46.3 ug of pentanoic acid was adjusted to
pH 9 using potassium carbonate. After freeze-drying,
derivatisation in the presence of 40 u1 of ethylene glycol
and dynamic headspace analysis were carried out following
the proposed procedure. The amounts of methyl carboxylates
obtained were determined and the amounts of acids in the
aqueous sample were deduced. The results and the
chromatograms of the extracts are shown in Table 111-15 and
Fig. III-10, respectively.
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Table 111-15. Determination of butyric acid and pentanoic
acid in a synthetic sample using the proposed method
employing derivatisation in the presence' of '40 ul of
ethylene glycol and dynamic headspace analysis
Methyl AcidAcid Amount spiked
per litre carboxylate found error
dug) found (ug) (ug)
Butyric
47.4 49.4 48.1 1.5.
3.2Pentanoic 46.3 49.5 47.8
The results obtained by the proposed method agreed well
with the amount of acids spiked, indicating the accuracy of
the proposed method.
Another synthetic sample spiked with 49.5 ug of
propionic acid, 47.8 pg of butyric acid and 46.7 ug of
pentanoic acid was analysed in a similar manner except that
DMF was used as solvent instead of ethylene glycol. The
results and the chromatograms,of the extracts are shown in
Table 111-16 and Fig. III-11.
%
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Extract,Standard of Extract of.
methyl carboxylates of backupfront section
section
Fig. III-10. Chromatograms of synthetic sample derivatised in the presence of 40 p1
of ethylene glycol
Injector temp.=250°C Detector temp.=2700C
Carrier gas flow=l ml/min Make up gas flow=15 ml/minSPB-5 wide-bore capillary column, isothermal at 30 °C
FID Att. 1.x E-11
Plot Att. of data processor was 4 my full scale







Extract of backup sectionExtract of front sectionStandard of methyl
arboxylates
Fig. III-11. Chromatograms of synthetic sample derivatised in the presence of 40 u1 of
N,N-dimethylformamide.
Injector temp.=250°C Detector temp.=270 °C
Carrier gas flow=l ml/min Make up gas flow--15 ml/min
SPB-5 wide-bore capillary column, isothermal at 30 C
FID Att. 1 x E-11
Plot Att. of data processor was 4'mv full scale








Table 111-16. Determination of propionic acid, butyric acid
and pentanoic acid in a synthetic sample using the proposed
method employing derivatisation in the presence of 40 ul of
DMF and dynamic headspace analysis
Acid Amount spiked Methyl Acid
per litre carboxvlate found error
(ug) (ug)found (ug)
Propionic 49.5 55.1 50.1 1.2
Butyric 48.6 46.4 2.947.8
Pentanoic 46.7 48.3 44.5 4.7
Again, the results obtained by the proposed method
agreed well with the amount of acids added, indicating the





A method has been developed for the 'simultaneous
determination of carboxylic acids in water samples. The
carboxylic acids are first converted to potassium
'carboxylates and f,reeze-dried before derivatisation, in the
absence of water, reacting at 80°C with methyl p-
toluenesulphonate in the presence of a small amount of N,N-
dimethylformamide or ethylene glycol using dibenzo-18-crown-
6 as catalyst. The methyl carboxylates formed were enriched
by dynamic headspace analysis, and were desorbed from the
charcoal tube at 0°C with 0.5 ml of carbon disulphide. The
concentrations of the methyl carboxylates in the carbon
disulphide extract were determined by gas chromatography
using a wide-bore capillary column SPB-5 thermostatted at
30°C.
The derivatisation and the purging steps were performed
simultaneously. The optimum temperature was 80°C. Both N,N
dimethylformamide and ethylene glycol can be used to yield
reproducible results, however, the former can be used for
all three acids under study and the latter just for butyric
and pentanoic acid. Further, the percentage yields in the
presence of*DMF were slightly higher and the reaction time,
2.5 h, was shorter compared with the case of ethylene
glycol.
Linear calibration graphs were obtained for all three
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carboxylic acids with correlation coefficients in the range
of 0.997 to 0.999. Down to 4.8 ug of propionic acid, 4.6 ug
of butyric acid and 4.5 ug of pentanoic acid could be
determined using the proposed method.
The relative standard deviations were found to be 1.9%
at 34.8 ug level, 4.7% at 33.6 ug level and 5.5% at 32.8 ug
levelfor propionic, butyric and pentanoic acid respectively.
The advantages of the method include: (1) simultaneous
determination of several carboxylic acids (2) low levels of
the carboxylic acids can be detected (3) multi-gas
chromatographic injections possible from the same carbon
disulphide extract and (4) the apparatus for the dynamic
headspace analysis used is simple and can be made easily.
The advantages will compensate for the relatively long time
required for each determination.
Although only propionic acid, butyric acid and
pentanoic acid have been studied in our work, the method can
be extended to the higher homologues without difficulties.
However, in order to determine acetic acid, an alternative
wide-bore capillary column, which can resolve the peak from
the methyl acetate and that from carbon disulphide, needs to
be sought.
The proposed method is readily applicable to determine
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carboxylic acids in rain water, potable water or other
water samples with low salt contents.
Unfortunately, owing to the shortage of time, neither
the determination of acetic acid and carboxylic acids
containing six or more carbons, nor the determination of the
carboxylic acids under study in real samples have been
investigated using the proposed method.
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